Introduction
Cellulose has been widely used for mass-production of a wide variety of products, especially fabrics, paperboards and papers [1] [2] [3] [4] . Pressure-volume-temperature or pressure--density-temperature relationship is used to control the thermophysical properties of cellulose. It is wellknown that temperature greatly affects both cellulose dyeing process and cellulose properties [5] . To have an optimal temperature for the dyeing process, we have to have a fast insight into the pressure-density-temperature relationship of cellulose, which is, however, of high non-linearity, and it is difficult to be used for practical applications.
In this paper we will give a simple explicit relationship among pressure, density, and temperature for easy applications.
Pressure-density-temperature relationship
The pressure-density-temperature relationship of cellulose can be expressed in the form [2] :
This formulation is inexplicit, and it is difficult to have a fast insight into the relationship. We write eq. 
In practical applications, we have reference values for pressure, density, and temperature. For example, when T = T 0 , we have P = P 0 , and r = r 0 . Using Taylor series expansion [6] , we have approximately the following linear pressure-density-temperature relationship:
and the following non-linear pressure-density-temperature relationship:
By a simple calculation, we have:
Using the previous relationship, we have the following linear pressure-densitytemperature relationship:
and the following non-linear pressure-density-temperature relationship: 
(1 )
Equations (14) and (15) are valid when the predicted data (P, r, and T) are relatively closed to the reference ones (P 0 , r 0 , and T 0 ). We use the experimental data given in [1] to show the correctness of eq. (15). For a given pressure, P = 20 MPa, 129.9 MPa, and 196.1 MPa, respectively, eq. (15) gives a simple density-temperature relationship or volume-temperature relationship, fig. 1 .
Conclusion
Using Taylor expansion technology, we obtain an approximate pressure-density-temperature relationship up to second order. A higher order approximate relationship can be also easily obtained. The approximate formulation can be used for a fast prediction of pressure volume temperature relationship to control thermophysical properties of cellulose. 
